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There have been many models of smoking behavior which 
emphasized psychosocial aspects of smoking, but few which 
incorporated recent physiological data on the effects of 
nicotine. Warburton and Wesnes (1983) used these data to 
elaborate upon the opponent-process model developed by 
Solomon and Corbit (1973). The Warburton and Wesnes ver­
sion of this model states that nicotine, as a cholinergic 
agonist, increases cortical arousal, thereby resulting in 
improved cognitive functioning. In turn, anticipatory 
stress and distractability are decreased. 
The present study undertook to test some of the pre­
dictions of this model. Subjects were selected on the 
basis of smoking history to be nonsmokers or pack-a-day, 
mid-range nicotine smokers. Half of each of these two 
groups of subjects were given nicotine gum to chew, half 
given a placebo. Subjects performed a letter cancellation 
(LC) task both alone and while unpredictable shock was 
administered. Dependent measures were the number of cor­
rectly cancelled letters and change in heart rate (HR) 
between rest and task performance. 
The hypothesis that LC performance would be higher 
among individuals receiving the nicotine gum was not 
supported by the data. The hypothesis that responsivity to 
stress (measured by change in heart rate) would be lower in 
individuals receiving nicotine than in those receiving the 
placebo was also not supported by the analyses. However, 
there was a significant drug-time interaction which sug­
gested that for the LC task alone nicotine attenuated the 
stress response relative to the control group, but for LC-
shock the change in HR was significantly greater for sub­
jects receiving nicotine than for those receiving the 
placebo. 
It is suggested that the model of Warburton and Wesnes 
may not be generalizable to the complex of conditions in 
the present study. Speculation concerning factors which 
may have accounted for the obtained results are made. The 
considered factors include individual differences in dosage 
of nicotine; autonomic arousal; effects of administration 
of nicotine in different forms; and the nature of the 
stressful task. Suggestions for additional research are 
also provided. 
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CHAPTER I 
INTRODUCTION 
Since the early 1950's when causal links were dis­
covered between cigarette smoking and various pulmono-
cardio-vascular diseases, research on the variables of 
smoking has been prolific. Early applied research empha­
sized simply getting smokers to quit; later basic and 
applied efforts looked at physiological concomitants of 
smoking and developed models to describe why people con­
tinue to smoke (e.g., Ockene, Nutall, Benfari, Hurwitz, & 
Ockene, 1981; Pomerleau, 1978; Stephens, 1977; Stepney, 
1981). While several of these models have examined psycho­
social concomitants of smoking in quite some detail, most 
fail to incorporate recent physiological data. Addition­
ally, no model has thus far adequately addressed itself to 
the apparent paradox that while smoking is often reported 
as being relaxing, nicotine is a known stimulant. This 
paper focused on a model developed by Warburton and Wesnes 
(1983) which examines in close detail the physiological 
events of cigarette smoking and the psychological experi­
ences associated with these events. The purpose of the 
present study was to test certain predictions and corol­
laries of this model. 
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Smoking As an Addictive Process 
That some aspect of smoking is physically addicting 
has been suspected since tobacco was first carried to 
Europe (Jaffe & Kanzler, 1979). The evidence which sup­
ports nicotine as the primary reinforcing agent has accumu­
lated much more recently from several sources: animal 
studies, nicotine regulation studies, treatment outcome 
studies using nicotine gum, and information on withdrawal 
symptoms. While few, if any, researchers will deny the 
important role nicotine plays in maintaining smoking behav­
ior, views of the extent of this role do vary. Schuman 
(1979) reports that the data support nicotine (as opposed 
to any other substance in cigarette smoke) as the principal 
constituent responsible for the pharmacological response to 
smoking. Russell, Peto, and Patel (1974) assert "there is 
little doubt that if it were not for the nicotine in 
tobacco smoke people would be little more inclined to smoke 
cigarettes than they are to blow bubbles or light spark­
lers." On the other hand, studies by Kumar, Cooke, Lader, 
and Russell (1977) and by Jarvik, Glick, and Nakamura 
(1970) indicate that nicotine is neither a necessary nor 
sufficient factor in maintaining smoking. 
Self-administration of a substance by animals is gen­
erally considered good evidence of its reinforcing value 
(Jarvik, 1967). While it is more difficult to induce 
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animals to self-administer nicotine than other well-
established drugs of dependence (like cocaine and ampheta­
mines) , it has been done (Balfour, 1982; Jaffe & Kanzler, 
1979). However, Balfour noted that nicotine is less likely 
to be an effective positive reinforcer in neutral situa­
tions than in situations in which the use of nicotine leads 
to alleviation of an unpleasant physiological response. 
Stephens (1977) reviewed several studies in which monkeys 
self-administered moderate levels of nicotine. These 
experiments also established that smoking behavior by 
monkeys was related to the presence of nicotine. Both rats 
and monkeys have been shown to exhibit withdrawal effects 
when nicotine was discontinued following regular adminis­
tration (Balfour, 1982; Hutchinson & Emley, 1973). 
Regulation of a drug in order to maintain the level of 
that drug in the body has also been a well-established 
procedure by which to document physical dependence. The 
evidence for the regulation of nicotine by smokers is not 
strong. In a rigorous review of the nicotine regulation 
research, McMorrow and Foxx (1983) conclude that the basic 
research has provided evidence for nicotine regulation, but 
that because of various methodological difficulties the 
applied research has not. 
If nicotine is the primary reinforcer for smoking 
behavior and if smokers regulate their intake of nicotine 
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for optimal dose levels, then administration of nicotine 
through sources other than cigarettes should lead to a 
reduction in smoking behavior. It is this assumption which 
is behind outcome studies using nicotine gum as treatment 
for smoking cessation. Several studies have shown gum 
containing 2mg of nicotine when chewed ad lib produces 
significantly superior abstention rates compared to placebo 
gum (Fagerstrom, 1982; Jarvis, Raw, Russell, & Feyerabend, 
1982; Schneider, Jarvik, Forsythe, Read, Elliott, & 
Schweiger, 1983). These studies share several attributes: 
use of randomized, double-blind designs; use of a placebo 
gum which was flavored to be similar to the active gum; and 
follow-ups from six months to one year. Jarvis et al. 
found a significant correlation between the number of gums 
used each day and pretreatment blood nicotine concentra­
tions in the experimental group, suggesting that there was 
at least crude regulation going on. The data of Schneider 
et al. (1983) do not support nicotine as the sole rein-
forcer of smoking behavior. Their study demonstrated that 
psychological support provided a significant additive 
effect to the value of the nicotine gum. Similar results 
were obtained by Killen, Maccoby, and Taylor (1984). A 
later study by Schneider (Schneider, Jarvik, & Forsythe, 
1984) found that a group abstaining from cigarettes and 
using a placebo gum reported significantly more symptoms 
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associated with abstention than did a similar group using 
nicotine gum. 
Smoking and Stress 
There are also certain psychological experiences upon 
which smokers agree quite readily, just as researchers 
agree on nicotine as a primary agent. Smoking behavior is 
consistently related to reports of feeling stressed. After 
a study of relapse crises (times when an individual 
attempting to quit smoking felt close to relapsing), 
Shiffman (1982) noted that the typical relapse crisis took 
place during a time described as stressful. He found that 
71.2% of the relapse crises occurred in the presence of 
negative affect: anxiety was most common; followed by 
anger, frustration, and depression. Ikard, Green, and Horn 
(1969) found that 80% of a national sample of over 2,000 
smokers scored high on a factor indicating that they 
usually smoked to obtain feelings of "pleasurable relaxa­
tion." In a smaller sample of 84 adults, Murray (1985) 
found that 92% scored high on a factor indicating smoking 
in situations associated with negative affect. In a study 
aimed at determining predictors of success in a cessation 
treatment program, Pomerleau, Adkins, and Pertschuk (1978) 
found that the only significant predictor of recidivism at 
one year follow-up was negative affect. Those individuals 
6 
who reported smoking primarily under dysphoric conditions 
had a significantly higher recidivism rate. 
An early model proposed by Tomkins (1966) described 
smoking as a means of affect management in which individu­
als begin smoking in order to reduce negative affect or to 
arouse positive affect. Smoking continues beyond experi­
mentation only because of confirmation that smoking is a 
reliable source of enjoyment and/or a mechanism for coping 
with negative affect. Tomkins added that many smokers move 
to a pre-addictive or addictive stage (Ikard & Tomkins, 
1973). Pre-addictive smokers are those who smoke in order 
to enhance positive affect or manage negative and who 
experience "deprivation negative affect" (craving) when 
they are without a cigarette during those affect situations 
in which they would normally smoke. Addictive smokers are 
characterized by experiencing "deprivation negative affect" 
whenever they are aware of not smoking, regardless of their 
affective state. Initial experimental support for these 
typologies was found in factor analyses of several differ­
ent questionnaires which ask respondents about their 
motives for smoking and about situations in which they are 
likely to smoke (Ikard & Tomkins, 1973; McKennell, 1970; 
Russell et al., 1974). 
One specific extension concerning the management 
of negative affect derives from the arousing effects of 
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nicotine. Physiologically, nicotine has been shown to have 
a predominately arousing effect on the brain, although it 
can also have the effect of decreasing behavioral arousal 
(Russell et al., 1974; Stepney, 1982). Eysenck (1973) 
capitalized on this information and his finding that extro­
verts smoke more than do introverts and proposed that 
smoking is a means of maintaining optimal cortical arousal. 
Elgerot (1978) demonstrated that abstinence is accompanied 
by a decrease in arousal which was indicated by decreases 
in both adrenaline and noradrenaline excretion. She also 
demonstrated that this decrease in arousal was accompanied 
by increased tension and irritability. Stepney (1982) 
reviewed evidence in which smoking had effects of increas­
ing arousal (maintaining vigilance during a monotonous task 
and increasing selectivity of attention) and of decreasing 
arousal (attenuating the effects of stress). Stepney con­
cluded that smokers use cigarettes to obtain arousal 
effects which are specific to the contextual situation. 
These data on arousal effects might be viewed as 
further explanation for models involving affect management 
if the changes in arousal mediated by nicotine result in 
more effective coping with stress, tension, and other 
unpleasant affects which effect would be highly reinforc­
ing. A model developed by Ockene et al. (1981) expresses a 
parallel notion. These authors propose that smoking is 
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maintained because the smoker is more able to handle stress 
and that cessation is a function of the personal and social 
resources for coping that an individual has. 
In a series of animal experiments, Balfour (1982) has 
demonstrated more clearly the relationship between nicotine 
and coping with stressful situations. A specific stressful 
situation can be avoided by one of three means: physical 
avoidance, psychological avoidance, and pharmacological 
avoidance. With physical avoidance the animal simply 
learns to avoid the situation altogether. With psychologi­
cal avoidance the rat learns to lessen unpleasant sensory 
and endocrinological changes associated with being in the 
situation or to avoid their behaviorally disruptive 
effects. This method can be viewed as analogous to the use 
of adequate coping strategies. With pharmacological avoid­
ance, the rat learns that the administration of a specific 
drug alleviates or completely abolishes the effects of 
stress. Nicotine has been shown to have this effect, and 
rats have been shown to replace (via an operant condition­
ing process) the first two methods of adaptation with use 
of nicotine. Balfour has speculated on the extension of 
these results to humans. Smoking is used to alleviate the 
negative sensations associated with stress and craving is 
experienced when nicotine is unavailable "as the addicted 
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individual seeks to make the conditioned response it has 
learned to use" (Balfour, 1982, p. 246). 
The Opponent-Process Model 
Warburton and Wesnes (1983; Wesnes & Warburton, 1983c) 
have integrated the information on the physiological 
effects of nicotine with the opponent process model of 
acquired motivation developed by Solomon and Corbit (1973, 
1974) to arrive at a model of smoking which addresses the 
issue of how smoking can aid the smoker in coping with 
stress. Wesnes and Warburton (1983c) conceptualize stress 
as "a natural consequence of any human information pro­
cessing activity" (p. 203). An individual's performance on 
a task depends upon both the individual's capacity for 
processing and the demands of the task. Events are con­
sidered stressful depending on the demand for information 
processing, the uncertainty of the task, how the person 
appraises the task, and how the person perceives his/her 
own abilities. There are also physical stressors of exer­
cise, heat, noise, pain, injury, etc. All physical 
stressors do have psychological effects of the nature just 
mentioned and the responses to the two types of stressor 
cannot be distinguished according to the authors. This 
response is essentially a mobilization of one's resources 
to deal with the stressor. How nicotine facilitates that 
mobilization will be described shortly. 
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The opponent process model (Solomon & Corbit, 1973) 
proposes the existence of a primary affective process (A) 
and an opponent or slave process (B). Associated with 
these processes are two conditioned states. The affective 
process A is initiated by substance intake resulting in a 
state of pleasure. The opponent process B results from a 
negative feedback loop from state A. Because it can only 
be produced by eliciting state A, process B is a slave 
process. State B is an unpleasant state associated with 
the removal of a substance. Because process B is the 
opponent of process A, the fastest way to eliminate state B 
is to elicit state A by consuming the substance. Superfi­
cially, this model appears very similar to an addiction 
model in that motivation for smoking is the avoidance of an 
unpleasant withdrawal state (state B). 
Warburton and Wesnes (1983) explore the available 
information on the neurochemical substrates for this model 
and find that some modification must be made, not in the 
model itself, but in what physiological processes consti­
tute its components. The authors cite several pieces of 
evidence which suggest that nicotine does not act as a 
reinforcer in the same way as alcohol and other habitually 
used substances. For example, nicotine does not act on the 
noradrenergic pathways which are believed to control 
reward; few smokers describe feelings of intense pleasure 
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in response to smoking; and animal models of nicotine 
self-administration are far removed from human self-
administration. Warburton and Wesnes propose instead that 
nicotine rewards by increasing mental efficiency via 
increased activity in the ascending reticular cholinergic 
pathways of the brain. This increased activity is charac­
teristic of heightened alertness and efficient information 
processing. These authors also suggest that nicotine 
serves as a negative reinforcer by reducing stress and 
distractibility as it increases the ability to cope with a 
situation. 
The evidence supporting these statements comes pri­
marily from other research by these authors and their 
colleagues. In studies using a variety of different tasks, 
including detecting sequences of consecutive odd or even 
digits (Wesnes & Warburton, 1983b) and the Stroop color-
word test (Wesnes & Warburton, 1978, cited in Warburton & 
Wesnes, 1983), these authors have demonstrated that nico­
tine improves performance over a non-smoking baseline. 
Additional research comparing nicotine, a central choliner­
gic agonist, with scopolamine, a cholinolytic drug, and 
methscopolamine, a peripheral cholinolytic, found that 
nicotine improved stimulus selectivity in a visual vigi­
lance task without affecting response bias; that central 
cholinergic pathways, not peripheral, were involved in 
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these tasks; and that nicotine and scopolamine each 
reversed the effects of the other (Wesnes & Revell, 1984; 
Wesnes & Warburton, 1983a; Wesnes, Warburton, & Matz, 
1983). 
Additional examples of improved performance while 
smoking share with some (but not all) of the above-
mentioned research the confound of using actual cigarettes 
rather than nicotine alone. Williams (1980) demonstrated 
that smoking a real cigarette improved letter cancellation 
scores approximately five times as much as smoking a sham 
cigarette. Peeke and Peeke (1984) observed that pretrial 
smoking improved recall of a 50-item word list 10 and 45 
minutes after learning over posttrial smoking and no 
smoking. 
How does this information relate to the opponent pro­
cess model? State A refers to the positively and nega­
tively reinforcing aspects of nicotine administration 
(i.e., improved performance, improved concentration, and 
diminished distractability). State B refers to the symp­
toms of smoking cessation: anxiety, irritability, inabil­
ity to concentrate, etc. Warburton and Wesnes assert that 
these symptoms are not true withdrawal symptoms but repre­
sent a return to baseline. This assertion was supported 
with data from Eysenck (1973) indicating that smokers are 
generally more neurotic than nonsmokers. The idea that 
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withdrawal symptoms represent a return to baseline has also 
been forwarded by Gritz and Jarvik (1978) in the context of 
physiological "symptoms" (e.g., decreased heart rate and 
blood pressure). 
The literature of several researchers can be related 
to the model proposed by Warburton and Wesnes. In the 
series of experiments discussed earlier, Balfour (1982) 
demonstrated that nicotine administration served as a phar­
macological coping response, alleviating the usual effects 
of placement in a stressful situation. In these experi­
ments, nicotine was functioning as a negative reinforcer 
(producing state A). Rats which had been repeatedly 
injected with nicotine prior to placement on a high plat­
form did not adapt to the stressor after 40 trials and 
experienced considerable stress, state B in the opponent-
process model, when exposed to the situation deprived of 
nicotine. (Level of stress was determined by plasma corti-
costerone measures.) However, rats which were treated with 
saline injections and given the same exposure to the stres­
sor did adapt and had significantly lower plasma corticos-
terone levels on the final trial. 
In 1979, Gilbert wrote a review of the "paradoxical 
tranquilizing and emotion-reducing effects of nicotine" 
(p. 643). Wesnes and Warburton (1983c) assert that their 
model neatly accounts for this apparent paradox. The 
14 
dilemma is that although nicotine administration often 
serves to "calm" an individual, it does not act via the 
same neurochemical pathways that tranquilizers do. Nico­
tine has instead been noted to have an activating effect on 
certain autonomic functions as well as the cortex as 
already mentioned. Gilbert concluded his review by stating 
that none of various models yet proposed are backed by "a 
convincing network of supportive data" (p. 657) and sug­
gested several directions for additional research. 
The explanation for the paradox, according to Wesnes 
and Warburton (1983c), can be found with the opponent-
process model. Nicotine is a cholinergic agonist and as 
such increases electrocortical arousal. This arousal is 
controlled by cholinergic pathways which ascend from the 
mid-brain reticular formation. This arousal results, 
behaviorally, in improvements in attention and ability to 
filter out distracting information which further results in 
improved performance and efficiency. Smoking, therefore, 
relaxes by reducing anticipatory stress as a result of the 
increased ability to perform. By enabling the smoker to 
ignore stressful or distracting thoughts, nicotine is 
anxiety-reducing. 
One attempt at addressing Gilbert's paradox experi­
mentally was made by Silverstein (1982) who examined the 
possibility that it is not that cigarette smoking is 
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relaxing as much as not smoking is upsetting. He reasoned 
that if smoking is relaxing, smoking smokers would be 
calmer in a stressful task than both deprived smokers and 
nonsmokers. If, on the other hand, not smoking is upset­
ting, there would be no difference between smoking smokers 
and nonsmokers. Silverstein tested these two interpreta­
tions using electric shock and a pain tolerance procedure 
as the stressful task. The results supported the second 
interpretation that not smoking is upsetting. Even though 
Silverstein's work was not designed as a test of the 
Warburton and Wesnes model, the results and his reasoning 
are consistent with it. 
There are certain limitations, however, in 
Silverstein's study as a test of .the model. The first is 
that Silverstein used a non-cognitive task (pain tolerance) 
as the stressor. A cognitive task would allow for a con­
current test of the Warburton and Wesnes assertion that 
nicotine administration increases mental efficiency. 
Another limitation is that Silverstein used cigarettes 
rather than nicotine alone. The use of nicotine in the 
form of tablets or gum would isolate the effects of nico­
tine from the many other substances and behaviors associ­
ated with smoking a cigarette. In addition, nicotine in an 
isolated form can be administered to nonsmokers which 
allows for a comparison between chronic and acute nicotine 
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administration. The present study tested the adequacy of 
the model by Warburton and Wesnes and attempted to rectify 
these particular limitations. 
Research Questions and Hypotheses 
The present study was designed to test certain predic­
tions made by the Warburton and Wesnes model as well as 
corollaries not specifically predicted by the authors. In 
general these predictions are that nicotine will increase 
cognitive performance and decrease responsiveness to 
stress. Toward the purpose of testing these predictions, 
smokers and nonsmokers were exposed to a cognitive task, 
once alone and once with the threat of random electric 
shock. Half of each group of subjects was given nicotine 
gum to chew while the other half was given a breath-
freshening (placebo) gum. The research questions addressed 
were: 
1. Do smokers having access to nicotine perform 
better on a cognitive task than either deprived 
smokers or nonsmokers? 
2. Does nicotine facilitate "coping" during 
stressful situations? 
3. Does nicotine serve to alleviate stress in both 
chronic and acute administrations? 
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The first question was addressed by comparing the 
performance scores on a letter-cancellation (LC) task of 
smokers chewing nicotine gum with all nonsmokers and 
deprived smokers (chewing placebo gum). Based on previous 
results obtained by Warburton and Wesnes (1983) and on the 
opponent process model, it was hypothesized that smokers 
with nicotine would demonstrate better performance (i.e., 
correctly cancel more letters in the alloted time) than the 
other three subject groups. 
Question 2 was answered by comparing both performance 
and heart rate results on both the LC task alone and the 
task with threat of shock. Given that Warburton and Wesnes 
conceptualize stress as resulting from any information 
processing activity, both tasks were considered to be 
stressful. According to their model, the presence of nico­
tine would enhance performance and therefore the subjects 
receiving nicotine would be less anxious and so have a 
smaller increase in heart rate during both tasks when 
compared with resting heart rate. Likewise, performance on 
the task with shock while the subject is both distracted 
and stressed by the threat of shock should be better, 
according to the model, for those who receive nicotine than 
those who do not. 
The following hypotheses all addressed this second 
research question: Smokers with nicotine would perform 
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better on both the LC task alone and on the LC-shock task 
than would smokers without nicotine. Smokers with nicotine 
would have smaller increases in heart rate (HR) during both 
tasks than would smokers without nicotine. Smokers with 
nicotine would perform better than or equal to nonsmokers 
without nicotine on both tasks. Smokers with nicotine 
would have smaller increases in HR on both the LC and LC-
shock tasks than would nonsmokers without nicotine. 
Because the third research question addressed the issues of 
acute versus chronic administration and because the model 
of Warburton and Wesnes did not make specific predictions 
concerning this question, the group of nonsmokers with 
nicotine were omitted from these particular hypotheses. 
Comparisons of heart rate change during the stressful 
tasks were used to address the third question. The work by 
Balfour (1982) suggested there is a learning component to 
nicotine as an alleviator of stress and that only chronic 
nicotine administration would have a positive effect. 
Although Solomon and Corbit (197 4) state that the "primary 
affective process A is not seriously affected by use [of 
the substance]" (p. 129), Warburton and Wesnes do not 
specifically address this point. It was predicted that 
smokers with nicotine would demonstrate less responsiveness 
to stress (i.e., would have smaller changes in lower heart 
rate) during both the LC and LC-shock tasks than would 
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nonsmokers with nicotine. Additionally it was hypothesized 
that smokers with nicotine would have higher performance 
scores on both tasks than would nonsmokers with nicotine. 
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CHAPTER II 
METHOD 
Subjects 
Subjects were 67 adult males who responded to various 
advertisements seeking participants for a "study on 
stress." Participants were preselected to meet certain 
health criteria described below. Half of the subjects 
smoked at least one pack of cigarettes containing 0.7 to 
1.3mg of nicotine per day and had smoked for at*least a 
year. The other half were nonsmokers who reported never 
having smoked or having quit smoking at least 5 years prior 
to this experiment. Individuals were paid $5.00 for their 
participation. Some subjects were recruited via their 
membership in community civic clubs. For those subjects, 
payment was in the form of a donation to the club's 
treasury. 
A total of 178 subjects were screened for this study. 
Most potential subjects who were excluded either did not 
meet the smoking status criteria or did not meet the health 
requirements. Eighteen subjects who met the criteria chose 
to not participate because of the use of electric shock. 
All but two of these potential participants were smokers. 
Two subjects who began the experiment did not complete it 
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and so are not included in any of the results. One was 
aborted due to an equipment malfunction, the other to 
excessive premature ventricular contractions (this man was 
referred to his physician). Both of these men were 
nonsmokers. 
Design and Description of Variables 
Subjects were assigned to one of four groups on the 
basis of two independent variables: smoking status and 
presence or absence of nicotine gum. All subjects were 
given a piece of gum without being informed which gum they 
received. Half received Nicorette (manufactured by 
Merrell-Dow Pharmaceuticals) which contains 2mg of nicotine 
resin complex. Half received Clorets, a breath deodorant 
gum, disguised by removal of the hard sugar coating. (A 
true placebo was not available at the time of the experi­
ment.) A drop of peppermint extract was applied to both 
gums in order to further disguise the flavor. Subjects who 
had used Nicorette previously were excluded. 
Assignment to the two gum groups was made on a quasi-
random basis. Randomness was compromised by an attempt to 
balance the four groups according to average age. Data on 
the size and average age of the groups are presented in 
Table 1. (Table 1 and all subsequent tables are found in 
Appendix E). 
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Two experimental tasks were used: a letter cancella­
tion task and this same task with the threat of random 
shock. The letter cancellation task was modeled after 
Williams (1980). The stimulus materials (see Appendix B) 
consisted of 25 lines of typed capital letters in random 
order. Each line contained 30 letters with zero to seven 
E's in each line. Each of four pages contained the same 
set of letters with the lines in different order. The 
subject was instructed to strike through each E with a time 
limit of three minutes. Williams (1980) tested smokers on 
the letter cancellation task early in the morning, prior to 
their first cigarette of the day, and then following either 
real or sham smoking of one cigarette. He found that 
subjects who really smoked showed an improvement in their 
scores from four to six times the improvement shown by sham 
smokers. 
The dependent variables were heart rate change and 
performance measures on the two letter cancellation tasks. 
Heart rate was obtained using three chest electrodes 
attached to a Beckman polygraph recorder. Heart rate has 
been shown in several studies of cognitive tasks (e.g., 
mental arithmetic and Stroop interference procedure) to be 
a sensitive and reliable indicator of stress (Kelly, Brown, 
& Shaffer, 1970; Konzett, 1975). The heart rate value used 
in the present study was the actual heart rate during the 
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first minute of each of the tasks and during three resting 
phases. Heart rate change was calculated as the difference 
between adjacent collection phases (e.g., heart rate during 
the first task minus heart rate during baseline). These 
differences were calculated so that an increase in heart 
rate was a positive number and a decrease was a negative 
number. Performance on the letter cancellation task was 
number of E's correctly cancelled minus any errors or 
omissions. 
Procedure 
The study was introduced to subjects as a study of 
responses to stress. Participants were told that their 
results would be compared to those of chronic pain patients 
in order to provide rationale for selection of subjects 
based on specific characteristics and to shift the focus 
away from smoking. In order to assure that subjects began 
the experimental tasks in a depleted state with reference 
to nicotine and other stimulants, they were asked to 
refrain from smoking, eating, and drinking for an hour 
prior to the tasks. This condition was enforced by having 
subjects complete "dummy" questionnaires to fill up the 
hour interval. 
Each subject participated individually for a single 
session lasting approximately 1-3/4 hours. The consent 
form (Appendix A) was elaborated upon with each subject 
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by the principal investigator. They were then asked to 
complete the General Health Questionnaire, Coping Responses 
Scale, Social Readjustment Rating Scale, and Eysenck 
Personality Questionnaire. 
Subjects who did not fulfill requirements for inclu­
sion were stopped following completion of the General 
Health Questionnaire and debriefed. Any smoking subject 
whose smoking habits differed from those described in the 
subsection on subjects was excluded as were smoking sub­
jects who had used Nicorette gum. Any subject with history 
of heart disease, hypertension, or seizures, or who was 
taking medication known to affect heart rate was also 
excluded. 
Upon completion of the questionnaires, subjects were 
taken to an individual cubicle where a graduate student 
assistant conducted the laboratory portion of the experi­
ment. There were eight experimental assistants, four male 
and four female. Ages of the assistants ranged from 24 to 
42. Electrodes were applied to the subject's chest and 
were connected to the Beckman recorder. The subject was 
then requested to take two deep, slow breaths to aid relax­
ation and a two-minute baseline heart rate was recorded. 
The assistant handed the subject an envelope containing a 
piece of gum (either Nicorette or Clorets, depending on 
group assignment). Both the subject and experimenter were 
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blind to gum type. The following instructions, adapted 
from the Nicorette package insert, were provided: 
Chew the gum very slowly until you taste it. 
As soon as you get the taste of the gum, stop 
chewing and place the gum between your gum 
and cheek. After the taste is almost gone, 
chew slowly again until you can taste it. 
Continue to chew the gum slowly and 
intermittently. 
Prior to each task, subjects were again reminded to chew 
slowly. Subjects were then asked to begin chewing the gum 
while sitting quietly for two minutes. This time interval 
was sufficient to allow the nicotine (in relevant subjects) 
to arrive at the brain. 
Approximately half of the subjects (35) received the 
letter cancellation (LC) task first followed by the LC-
shock task. The other subjects (32) received the tasks in 
the opposite order.''" The LC task alone was introduced with 
the following instructions: 
For this task you are to cross out every 
letter "E" that you see on the page. Do one 
line at a time working left to right. When 
you finish a page immediately start on the 
These two groups of subjects were run separately 
with an intervening time interval of approximately four 
months. Although assignment to the two task orders was not 
made randomly, it was judged that the data could be treated 
with the assumption of random assignment. This judgment 
was made following consideration of several issues: 
subjects were recruited in similar fashion; age distri­
bution of subjects was quite similar; there occured no 
social/cultural/political events during the intervening 
months which were likely to have affected the results; and 
group averages for the two dependent measures are not 
significantly different. See Table 2 for supporting data. 
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next one. Work as quickly as you can. You 
have a time limit of 3 minutes. Strike 
completely through the letter with a single 
line. (Assistant demonstrates.) Your score 
will be the number of "E"s you correctly 
cancel minus any errors or omissions. 
The subject's heart rate was recorded for the duration of 
the task. 
A brief relaxation procedure (see Appendix D) was then 
read to the subject. This procedure required approximately 
four minutes. Following this induction, while the subject 
continued to rest quietly, a one-minute heart rate was 
obtained. 
The LC-shock task was introduced with these 
instructions: 
During this procedure, I will be applying 
electrical stimulation to your forearm while 
you repeat the letter cancellation task. The 
shocks will be random in time and intensity. 
The shocks will vary from barely perceptible 
to a level which most people judge as pain­
ful. (Assistant illustrates with graph.) 
Depending on the schedule, you will receive 
as few as one or as many as five shocks of 
different intensities during the three 
minutes of the task. Remember to strike 
through every "E," doing one line at a time. 
If at any time you find the shocks too uncom­
fortable or distressing, let me know and we 
will stop immediately. 
The Tursky electrode was placed on the subject's nondomi-
nant forearm. Heart rate was recorded while the subject 
engaged in the letter cancellation task. Contrary to the 
instructions, the stimulation was delivered on a consis­
tent schedule of two shocks, the first 20 seconds after 
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beginning the task, the second one minute after the begin­
ning of the task. The relaxation instructions were 
repeated following the second task and a one-minute resting 
heart rate was recorded. The total time from receipt of 
the gum to the end of the second relaxation was under 25 
minutes. Isaac and Rand (1972, cited in Williams, 1980) 
have shown that the plasma half-life of nicotine is approx­
imately 30 minutes. 
The primary investigator then met again with each 
subject for debriefing. The participant was first 
requested to complete a follow-up questionnaire (see 
Appendix C). A debriefing statement (Appendix A) was 
provided and elaborated upon by the principal investigator. 
Subjects were given a chance to ask any questions and were 
given feedback on the questionnaire results. Approximately 
three-quarters of the subjects expressed interest in their 
questionnaire results. These results were provided in very 
general terms and with a slant which avoided suggestion of 
pathology. Subjects were paid following the debriefing. 
Ethical Considerations 
Because of the potential danger of using electric 
shock and nicotine gum (a prescription drug), several 
precautions were taken. The machine which delivers the 
electric shock, a Mark 300 aversive conditioner, is 
manufactured to meet the most stringent requirements 
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of Underwriters Laboratory, the Association for the 
Advancement of Medical Instrumentation, and the National 
Fire Protection Association. Additionally the machine is 
recommended by Butterfield (1975) who extensively 
researched applications of aversive shock conditioning. 
The device uses a Tursky electrode, two concentric elec­
trodes which prevent the possibility of separating elec­
trodes and assure that the individual will not be shocked 
through the chest. 
The intensity of shock administered to subjects 
(0.8mA) was less than halfway between levels judged to be 
"just noticeable" and "uncomfortable." These subjective 
levels were determined by having five graduate students 
undergo a pain tolerance procedure in which intensity was 
gradually increased from 0.0mA to a level at which the 
student asked that the procedure be terminated. There was 
almost no variation in the first two subjective levels 
which occurred at 0.4mA ("just noticeable") and 2.5mA 
("uncomfortable"). The average "painful" rating was given 
at an intensity of 5.0mA. Thus the level of shock chosen 
was considered unlikely to be perceived as painful by any 
of the subjects. 
As an additional ethical precaution, subjects were 
explicitly informed during discussion of the consent form 
and in the instructions immediately preceding the task that 
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they had the option of discontinuing the shock if it were 
too uncomfortable. No attempt was made to discourage the 
subject from expressing discomfort. In fact, no subject 
who began the experiment asked to withdraw because of the 
shock. During debriefing, participants were asked their 
perceptions of the shock. No subject rated it as painful. 
Nicorette gum releases approximately the same amount 
of nicotine as in one average cigarette (about lmg). While 
it was unlikely that this amount of nicotine would be 
harmful, certain precautions were taken. On the advice of 
Thomas Cable, M.D., no potential subject who had history of 
hypertension or heart disease was allowed to participate in 
the study. All potential subjects who had artificial den­
tal work were informed that gum tends to stick more to 
artificial materials than to natural teeth and were cau­
tioned against participation if they either had known dif­
ficulty chewing gum or had had recent dental work. 
Because nicotine can cause dizziness and headaches if 
ingested too quickly, subjects were instructed to chew the 
gum slowly and intermittently in accordance with the 
instructions published by the manufacturer. These instruc­
tions are presented in the procedure. Prior to each task, 
subjects were reminded to chew correctly. During debrief­
ing, subjects discarded their gum and were asked about any 
uncomfortable effects. While a few did experience mild 
30 
dizziness, this sensation disappeared within the course of 
debriefing. 
Instruments 
General Health Questionnaire. This questionnaire 
(see Appendix C) functions as both a classifier for one 
independent variable (smoking versus nonsmoking) and as a 
screening device to ascertain that each subject is free of 
any contraindications for the use of nicotine gum or elec­
tric shock. No potential subject was accepted if he had 
history of hypertension, heart disease, or seizures. The 
questionnaire was developed with the assistance of Thomas 
Cable, M.D., Director of the Family Practice Center of The 
Moses H. Cone Memorial Hospital, Greensboro, North 
Carolina. Additional irrelevant items were included to 
divert attention from an obvious focus on smoking 
variables. 
Coping Responses Scale. Billings and Moos (1981) 
summarized the recent conceptualization of coping responses 
to stressful situations. This summary and a review of 
previous inventories resulted in the coping responses scale 
used here (see Appendix C). The primary purpose of this 
scale and two others (Social Readjustment Rating Scale and 
Eysenck Personality Questionnaire) was to fill time prior 
to the laboratory tasks while the subject could be watched 
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to ascertain that he refrained from smoking or ingesting 
stimulants for that time (approximately one hour). 
The coping responses scale requests that the subject 
describe a recent personal crisis or stressful event and 
then answer yes/no items concerning his approach to coping 
with the situation. Items are grouped according to both 
method and focus of coping categories on the basis of 
cluster analysis, ratings of judges, and previous concep­
tual literature. There are three "methods of coping": 
active-cognitive; active-behavioral; and avoidant. Active-
cognitive coping refers to changing one's appraisal of a 
stressful situation. Active-behavioral coping responses 
are overt behavioral approaches to change the problem 
situation and its effects. Attempts to avoid confronting 
the problem and to reduce emotional tension indirectly are 
both included in avoidant coping behavior. There are two 
"focus of coping" categories: problem-focused and emotion-
focused. Problem-focused coping refers to modifying or 
eliminating sources of stress by attacking the problem 
directly. Emotion-focused coping includes behaviors which 
alleviate feelings of distress and other emotional conse­
quence of a stressful situation. 
The authors present little more than conceptual evi­
dence and rationale for the items in the scale. In fact 
they point out that measures of internal consistency are 
32 
expected to be low due to attempts to minimize item redun­
dance and the conceptual independence of categories. 
Intercorrelations among the three methods of coping were 
relatively low (x = 0.21). Additional (unreported) corre­
lations suggested independence between both the focus of 
coping categories and the method and focus categorizations. 
Social Readjustment Rating Scale. One of the most 
popular of scales measuring stress is this one developed by 
Holmes and Rahe (1967) (see Appendix C). The Social 
Readjustment Rating Scale (SRRS) is based on the construct 
that "life stress is the physical or psychological change 
elicited in response to an event...[and can be quantified 
by] the additive total of changes required by all events" 
(Perkins, 1982). The empirical literature on this scale 
includes mixed reviews of its value. The primary factor in 
its choice as a "filler" was its face validity as an asses­
sor of events commonly accepted as stressors. 
Eysenck Personality Questionnaire. This question­
naire (see Appendix C) is the most recent in a series of 
personality inventories developed by Eysenck and colleagues 
at the Maudsley Hospital (Eysenck & Eysenck, 1975). The 
EPQ consists of 90 yes/no questions. Responses are scored 
on four scales: psychoticism (referring to a personality 
trait which presumably correlates with one's predisposition 
to developing "psychiatric abnormalities"); neuroticism; 
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extroversion; and a lie scale which measures tendency to 
exaggerate in a socially desirable direction. The choice 
of this personality questionnaire in particular as one of 
the filler items was based on work by Eysenck (e.g., 1973) 
which finds that smokers tend to score higher than non-
smokers on scales of extraversion and neuroticism. 
Each of the individual scales and the questionnaire 
as a whole have been subjected to various psychometric and 
validation studies. Only results of validation studies for 
the psychoticism scale (as the newest of the four scales) 
was provided in the manual. Information on reliability and 
standardization is more complete. Test-retest reliabili­
ties range from .78 to .89 when effects of age and sex are 
removed. Males had generally higher correlations than 
females. Alpha coefficients (internal consistency relia­
bilities) range from .74 to .81 for males. Data on inter-
correlations among the EPQ scales is also favorable. The 
highest intercorrelation, not surprisingly, is between the 
psychoticism and lie scales. The questionnaire was origi­
nally standardized on an English sample of 2,312 men and 
3,262 women all ranging in age from 16 to 69. The ques­
tionnaire has also been standardized on American samples. 
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CHAPTER III 
RESULTS 
The data collected for this study consisted of letter 
cancellation (LC) scores during the two tasks and heart 
rate (HR) during five segments of the study. These five 
segments were baseline (prior to administration of the 
gum), during each of the two experimental tasks, and during 
two relaxation inductions which followed the tasks. Change 
in heart rate was calculated by finding the difference 
between HR during the task and the preceding resting HR, 
resulting in two difference scores. Differences were 
obtained by subtracting the earlier segment from the later 
one (e.g., first task HR minus baseline) in order to assign 
positive numbers to increases in heart rate and negative 
numbers to decreases. These data were compared across the 
independent variables of smoking status, gum status, and 
task with analyses of variance using a general linear model 
(GLM) procedure (SAS program). The GLM procedure was 
necessary to account for the unbalanced subgroups. 
Performance Scores 
Letter cancellation scores are presented in Table 3. 
There is little difference in scores among the subgroups. 
For subjects receiving Order 1, LC alone first followed by 
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LC-shock, the mean scores for the two tasks in the order 
presented are: 98.13, 107.50 for smokers-nicotine; 103.00, 
114.25 for smokers-placebo; 111.20, 121.30 for nonsmokers-
nicotine; and 106.67, 112.33 for nonsmokers-placebo. For 
subjects receiving Order 2, LC-shock followed by LC alone, 
the mean scores for the two tasks in the order presented 
are: 111.38, 115.38 for smokers-nicotine; 109.25, 114.63 
for smokers-placebo; 121.88, 122.63 for nonsmokers-
nicotine; and 101.63, 109.75 for nonsmokers-placebo. The 
data fail to support the first hypothesis which predicted 
that smokers receiving nicotine gum would cancel more let­
ters correctly during the LC task. The mean score for 
smokers-nicotine is the lowest of the four subgroups for 
the LC alone task and second lowest for LC-shock. The 
difference among scores within a task was not found to be 
statistically significant according to the four-way, 2 
(smoking status) x 2 (drug status) x 2 (task) x 2 (order), 
analysis of variance. The results of this ANOVA are pre-
sented in Table 4. The only significant effect in this 
analysis is the order by task interaction which is graphi­
cally presented in Figure la. The results of the post-hoc 
comparisons are presented in Table 5. 
The performance data were also analyzed with a three-
way ANOVA, with a between factors design (smoking status x 
drug status x task). For this analysis, data from the 
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second task given to all subjects were ignored. This 
approach is valid because the second task can have no 
influence on performance of a first task (Keppel, 1973). A 
summary table for this analysis is presented in Table 6. 
With elimination of the order factor, there are no signifi­
cant differences among any of the factors or interactions. 
The relationships among the three independent variables are 
graphically presented in Figure 3a. 
There were several hypotheses grouped under the second 
research question which asked whether nicotine increased 
"coping" as reflected in both performance scores and in 
measures of heart rate. To answer this question affirma­
tively, one would need to show that performance scores were 
higher under the influence of nicotine and that changes in 
heart rate were smaller (i.e., not responding to the stress 
of the task). There were also some data presented in the 
Introduction which indicated that an affirmative answer 
would include finding no differences between smokers with 
nicotine and nonsmokers without. While the nonsmokers 
receiving nicotine do have the highest performance scores 
for both tasks, the difference is not statistically signif­
icant. Given that there was no significant interaction 
between smoking status and drug status, the hypothesis that 
smokers with nicotine would perform better on both tasks 
than would smokers without nicotine was not supported. 
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Heart Rate 
Summary data for change in heart rate (in beats per 
minute) based on the arithmetic mean for each of the sub­
groups formed by the independent variables are presented in 
Table 7. These data are also presented graphically in 
Figure 2. For subjects receiving the first order, LC alone 
followed by LC-shock, the mean changes in heart rate for 
the two tasks respectively are: 2.13, 4.13 for smokers-
nicotine; 5.75, 6.75 for smokers-placebo; 1.50, 2.80 for 
nonsmokers-nicotine; and 6.89, 7.89 for nonsmokers-placebo. 
For subjects receiving the second order, LC-shock followed 
by LC alone, the mean changes in heart rate for the two 
tasks are (in order of task presentation): 11.38, 2.38 for 
smokers-nicotine; 6.50, 2.13 for smokers-placebo; 9.75, 
5.63 for nonsmokers-nicotine; and 6.00, 1.88 for 
nonsmokers-placebo. 
The change in heart rate from resting to performance 
of the task was significantly different from zero. The 
standard error of the mean and the resulting 95% confidence 
interval are presented in Table 8 for each task and each 
order of administration. For the LC alone task, when 
presented first, the mean HR change with its 95% confidence 
interval is 3.77 + 2.49. When the LC alone task was pre­
sented second, the mean with its confidence interval is 
3.00 + 1.92. For the task LC-shock the mean with its 
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confidence interval is 5.31 +_ 2.47 when it was presented 
second and 8.41 + 2.57 when it was administered first. 
These data were compared using a 2 (smoking status) x 
2 (drug status) x 2 (task) x 2 (order) analysis of vari­
ance. The results of this analysis are presented in 
Table 9. The data for change in heart rate were also 
analyzed with the three-way, between groups ANOVA. The 
summary table for this analysis is presented in Table 10. 
The relationship among the three independent variables is 
graphically presented in Figure 3b. 
In neither ANOVA is the interaction of the smoking 
and drug factors significant. Thus, the hypothesis under 
Question 2 which stated that smokers with nicotine would 
have lower heart rates on both tasks than smokers without 
nicotine was not supported. 
The third research question compared acute and chronic 
administrations of nicotine. It was hypothesized that 
smokers with nicotine would have smaller changes in heart 
rate during the two tasks than nonsmokers with nicotine. 
The mean HR change for smoker-nicotine subjects during LC 
alone was 2.26 and 3.57 for nonsmokers-nicotine. During 
LC-shock, smoker-nicotine subjects had a change score of 
7.76 and nonsmoker-nicotine subjects had a change score of 
6.28. Again, the lack of a significant interaction between 
smoking status and drug status in either ANOVA fails to 
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support the hypothesis. The closely parallel smoker and 
nonsmoker lines in Figure 3b provides strong visual evi­
dence that there is little or no difference between acute 
and chronic administration of nicotine. 
There is a significant main effect for task in both 
ANOVA's. The overall mean change in heart rate during the 
LC alone task, 3.53 BPM, is significantly lower than the 
overall mean change in heart rate during LC-shock, 6.79 
BPM. This difference appears to be due entirely to the 
difference between subjects receiving nicotine gum rather 
than to those receiving the placebo gum, as illustrated in 
Figure 3b and the significant interaction between drug and 
task in the three-way ANOVA, which is specified in 
Table 11. 
There are also significant interactions in the four-
way ANOVA between both order and task, order and drug 
status. The mean changes in heart rate for the appropriate 
subgroupings are provided in Tables 12 and 13. Within 
Order 1, there is no significant difference between the HR 
change scores on the two tasks. However, within Order 2 
the change score is significantly higher for the LC-shock 
task than for LC alone. The interaction between order and 
drug status is a symmetrical one, showing opposite func­
tions for the two orders. In Order 1, the change in heart 
rate is greater for those subjects receiving the placebo 
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gum than for those receiving nicotine gum. In Order 2, the 
change in heart rate is greater for subjects receiving 
nicotine gum. These interactions are also observable in 
Figure 2. 
Post Hoc Analyses 
Several post hoc analyses were conducted for the pur­
pose of further exploring the data and contributing to 
hypotheses concerning the obtained results. Because the 
concepts of cognitive performance and stress responsivity 
are closely associated in the opponent-process model of 
smoking and in the hypotheses tested by the present 
research, it was considered appropriate to examine the 
relationship between performance and arousal (change in 
heart rate from baseline). Pearson product-moment correla­
tions were computed between LC performance scores and the 
change in heart rate from baseline to the task (LC alone or 
LC-shock) for both smokers and nonsmokers. These correla­
tions were computed for all four subgroups - smoking status 
x gum status. For smokers-nicotine, r = 0.11 for LC alone 
and r = -.31 for LC-shock. For smokers-placebo, r = 0.33 
for LC alone and r = 0.24 for LC-shock. Nonsmokers-
nicotine had correlations of r = 0.10 for LC alone 
and r = -0.21 for LC-shock. Nonsmokers-placebo had 
correlations of r = 0.06 for LC alone and r = 0.10 for 
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LC-shock. None of these correlations are statistically 
significant. 
Two other post hoc analyses used age of the subject 
(which ranged from 19 to 75) and experimenter (there were 
eight) as factors in separate analyses of variance (GLM 
procedure) to ascertain whether these incompletely 
controlled variables may have contributed to the obtained 
results. Comparisons across these variables resulted in 
no statistically significant main effects or interactions. 
The only data of interest from the filler question­
naires were that from the Eysenck Personality Questionnaire 
(EPQ). Table 14 presents the mean scores on the four 
scales of the EPQ. The scores of the male normative group 
(an English population) are also included for comparative 
purposes. The scores obtained in the present study are 
very close to those for the normative group. There are no 
statistically significant differences between smokers and 
nonsmokers on any of the four scales. This result is in 
contrast to Eysenck's (1973) report that smokers tend to 
have higher extroversion and neuroticism scores than non-
smokers . 
Debriefing Questionnaire 
During debriefing, each subject was asked to describe 
the predictions of the experiment and which gum he thought 
he had received. Planned chi-square analyses were used on 
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these data in order to determine the effectiveness of the 
blind procedure. 
Subjects' predictions were rated by two graduate stu­
dent assistants and by the experimenter as belonging to one 
of three categories: very close, questionable, and very 
different. Very close predictions were those that included 
mention of a comparison of smoking versus not smoking or 
the presence or absence of nicotine and a comment on the 
effect of this variable on stress. An example of a very 
close prediction is: "the effect of 'smoking'—having or 
not having nicotine gum on stress." The questionable pre­
dictions included only one of the above factors or were 
simply more vague in how they were written. An example of 
a questionable prediction is: "effects of smoking and 
stress." The very different predictions had either no 
mention of nicotine, smoking, or stress as variables or 
used these variables in a way not related to the actual 
experiment. Examples of very different predictions are: 
"if I could relax" and "how react under pressure." 
There were 16 very close predictions, 19 questionable, 
and 32 very different predictions. Reliability of 89.6% 
was determined by calculating the number of agreements 
among the three raters. For 60 of the subjects, all three 
raters agreed on the categorization of the hypothesis. For 
the other seven subjects, two of the three raters agreed. 
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A chi-square analysis using expected frequencies of chance, 
33% in each category, resulted in nonsignificant differ-
2 
ences (X = 6.49, df = 2). Approximately half of the 
subjects were able to guess reasonably at the predictions 
of the experiment despite efforts to lead their thinking in 
other directions. 
A look at the "gum guess" results suggests also that 
most individuals were able to correctly guess the type of 
gum they received. Twelve of 16 smokers receiving nicotine 
gum correctly guessed gum type. Seven of 16 smokers 
receiving the placebo gum guessed correctly. Of nonsmokers 
receiving nicotine gum, 14 of 18 were correct; and of those 
receiving the placebo, 13 of 17 were correct. The results 
of the chi-square analysis, based on expected frequencies 
of 50% correct, were X^ = 14.57 (df = 3, p < .01), indi­
cating the results are not distributed by chance. The only 
group which appears to have guessed at chance level are 
smokers who received the placebo gum. 
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CHAPTER IV 
DISCUSSION 
The purpose of the present study was to test certain 
predictions made by the opponent-process model of smoking 
as elaborated by Warburton and Wesnes (1983). It was 
predicted that nicotine administration would increase cog­
nitive efficiency as assessed by performance on a letter 
cancellation task. It was also predicted that nicotine 
administration would decrease the stress response as mea­
sured by heart rate. A third prediction was that chronic 
nicotine administration (i.e., smokers receiving nicotine) 
would have a more pronounced effect on performance and the 
alleviation of the stress response than would acute nico­
tine administration (i.e., nonsmokers receiving nicotine). 
None of the hypotheses of this study was supported by 
the data. The hypothesis predicting performance increases 
as a function of nicotine administration was not supported. 
Hypotheses concerning stress responsiveness were also not 
supported by analyses of the change in heart rate. Given 
that some previous research (e.g., Silverstein, 1982) had 
found differences only between smokers with nicotine and 
deprived smokers, hypotheses concerning comparisons between 
smokers with nicotine and nonsmokers without nicotine were 
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stated to include the possibility of equality between these 
subgroups. These two groups can be said to be in their 
respective "normal" states, as opposed to those deprived 
smokers or nonsmokers receiving nicotine. Despite finding 
no differences among these particular subgroups, the 
results cannot be said to support the hypotheses predicting 
equality. Certainly one cannot prove the null hypothesis, 
and these predicted similarities needed to have occurred in 
conjunction with the expected differences among other sub­
groups in order to have been meaningful. 
In contrast to several other studies (e.g., Peeke & 
Peeke, 1984; Wesnes & Warburton, 1983a; Williams, 1980) 
which have demonstrated performance differences as a func­
tion of presence or absence of nicotine, the tests of the 
hypotheses of this experiment do not support the notion 
that nicotine increases cognitive functioning (as measured 
by a letter cancellation task). Additionally, the results 
failed to support the parallel hypothesis that nicotine 
administration decreases responsiveness to stress. This 
latter hypothesis has not been previously tested. Given 
these null results, the focus of this discussion will be on 
interpretation of the results obtained and on exploring 
factors in the methodology of this experiment which differ 
from prior research in the area and factors in the 
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Warburton and Wesnes model, any of which may account for 
the obtained results. 
It is appropriate as a first step to consider the 
methods of analysis of the data given that two approaches, 
mixed design and between factors design, were undertaken. 
The data were initially analyzed with a four-way ANOVA 
which had three between factors (smoking status, drug 
status, and order) and one repeated factor (task). For 
both dependent variables, performance score and change in 
heart rate, there was a significant interaction between 
task and order. As illustrated in Figure la and demon­
strated in the post hoc comparison in Table 5, subjects 
tended to have higher performance scores on the second task 
performed regardless of which task it was. In contrast, 
the change in heart rate was larger for the LC-shock task 
regardless of its order. The difference was statistically 
significant only for Order 2, however (see Table 12). 
These results are consistent with the assumptions 
regarding the selection of the tasks to test the hypotheses 
of this study. It was expected that performance scores 
would increase with repetition of the task. The LC task is 
one with which very few subjects have prior experience and 
so there is certainly room for learning effects. Williams 
(1980) reported his results in terms of degree of improve­
ment in scores over two testings. The addition of shock 
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was not expected to affect the scores differentially due to 
its noncontingent application. The purpose of the shock 
was to increase the stressfulness of the task. That the 
shock met this purpose is tentatively suggested by the 
interaction between task and order for change in heart rate 
(see Figure lb and Table 12). Regardless of whether the 
LC-shock task was presented first or second, subjects 
demonstrated a larger increase in heart rate than was shown 
for the LC alone task. However, as stated above the dif­
ference is only significant when the LC-shock task was 
presented first. 
Because the interactions are consistent with expecta­
tions, it was judged appropriate to continue the analyses 
of the results with a four-factor design with one repeated 
measure. Certainly the information obtainable from this 
approach is of value. However, the alternative approach, 
to ignore the data from the second task given and to use a 
three-factor, between groups design (Keppel, 1973), elimi­
nates all confusion from the order-task interactions. This 
approach also provided information that is of value in 
interpreting the results. 
In any research testing predictions of differing 
responses to a manipulation, it is essential to demonstrate 
that the manipulation itself had its presumed effect. Were 
the two versions of the letter cancellation task stressful? 
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For most subjects heart rate increased as a function of the 
task^and decreased with relaxation. These changes were 
r * , -
significantly different from zero as the confidence inter­
vals in Table 8 indicate. It is also true, however, that 
the apparent difference between the two tasks evidenced by 
significant main effects in both the three-way and four-way 
analyses is not as simple as those main effects might 
suggest. There is a significant interaction between order 
and task in the four-way analysis and a significant inter­
action between drug and task in the three-way ANOVA. As 
examination of Figure lb and the Newman-Keuls comparison in 
Table 12 will corroborate, changes in heart rate were not 
significantly different for the two tasks when subjects 
received Order 1, LC alone/LC-shock. With the reverse 
order, LC-shock/LC alone, the change in heart rate during 
the LC-shock task was significantly greater than the change 
during LC alone. It is not likely that this difference is 
completely explained by the "surprise value" of including 
shock in the first task. As is evident in Figure 3b and in 
the post hoc comparison in Table 11, subjects receiving the 
placebo show similar changes in heart rate on the first 
task performed regardless of task type. Subjects who 
received the nicotine gum, however, show great variation in 
their ̂..change in heart rate on the first task performed. 
Those who received LC-shock first had a much larger 
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increase in heart rate on that task than did those who 
received LC alone first. 
Given that the control subjects rule out an explana­
tion based on differential stressfulness, to what can the 
task-drug interaction in the between groups analysis be 
attributed. Nicotine is an autonomic stimulant. Peeke and 
Peeke (1984) found that nicotine administration raised 
heart rate an average of 8.8 beats per minute. Demonstra­
tion of an attenuation effect requires an opposite effect 
which is more pronounced than the stimulant properties. 
With the "pure" cognitive task, LC alone, it does appear 
that nicotine attenuates the stress response relative to 
the control group. Indeed, the average increase in heart 
rate, 2 bpm, is much less than that reported by Peeke and 
Peeke. It is apparent, however, that this attenuation (if 
such is the case) is not occurring as predicted by the 
Warburton and Wesnes model. 
The shock which was administered to participants was 
at quite a low level. In fact, two subjects who received 
the order LC alone/LC-shock denied feeling any shock. 
Gilbert (1979) reports that nicotine increases the detec­
tion threshold for electric shock. However, the results of 
the between factors analysis are consistent with a hypothe­
sis that nicotine decreases the detection threshold for 
electric shock. This threshold may be the result of either 
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a physiological interaction between the nicotine and the 
shock or a perceptual phenomenon. The effect of nicotine 
on such a detection threshold is likely to increase with 
nicotine dosage. It is possible that due to some unknown 
variable, nicotine dosage was different for the two groups 
of subjects receiving the two task orders.^ 
As is evident from examination of the order by task 
interaction in the analysis of the mixed design (see 
Table 12), for subjects receiving Order 1 there is no 
change in heart rate from the task performed first to the 
second task. For subjects receiving Order 2, there is a 
decrease in heart rate from the first task to the second. 
Perhaps there is a dosage threshold for nicotine such that 
at low doses (or prior to the plasma concentration reaching 
a certain level) the autonomic stimulant properties of 
nicotine are most evident. Nicotine may have its 
activating effect on the ascending reticular cholinergic 
pathways of the brain only at higher doses or plasma 
concentrations. Attenuation of the stress response as 
proposed by Warburton and Wesnes may depend then on time 
and dosage variables. Of course, all of this discussion is 
speculation and depends on further research for empirical 
support or refutation. 
"'"This point will also be discussed later in a differ­
ent context. 
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Several directions for research are suggested by the 
problem. The nicotine dosage administered via the gum 
could be varied. A systematic replication of this 
experiment which used the LC-shock task for both task 
administrations in a repeated measures design would add 
useful information. Another approach toward testing the 
plasma concentration hypothesis would use a between sub­
jects design which varied time between nicotine adminis­
tration and task performance. Ideally, measures of the 
plasma concentration of nicotine would be obtained 
concurrently. 
It is of interest to note that none of the significant 
effects obtained in this study (refer to Tables 4, 6, 9, 
10) include the variable of smoking status. In contrast to 
the prediction made by the third hypothesis concerning 
acute versus chronic administration, it appears that 
smokers and nonsmokers respond quite similarly under the 
influence of nicotine or placebo, regardless of the task 
performed. Reference to Figures 2 and 3b suggests that the 
heart rate changes are quite similar for smokers and non-
smokers when in similar drug and task conditions. The 
notable exception to this observation is those subjects in 
Order 2 receiving nicotine gum. Likewise, reference to 
Tables 3, 4, and 6 again demonstrates the similarity among 
all the scores. The difference between chronic and acute 
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-nicotine exposure was not a specific prediction of the 
Warburton and Wesnes model. However, this distinction does 
impact on understanding the opponent-process model. It 
would be most beneficial for further understanding of this 
model if future research included the effects of nicotine 
on nonsmokers. 
The results of this study failed to demonstrate per­
formance differences as a function of nicotine exposure. 
At the same time, differences in the stress response have 
been suggested. Because the Warburton and Wesnes model 
discusses these responses together, one is left to wonder 
whether the results of this experiment actually reflect the 
process expounded by these authors. 
Wesnes and Revell (198 4) report that "[small] oral 
doses of nicotine...only facilitate performance under con­
ditions of task-specific fatigue" (p. 10). Additionally, 
they state that nicotine improves performance on tasks 
which require prolonged concentration. It may be argued 
that the three-minute time limit on the letter cancellation 
task was too brief. It is true that the structure of the 
task was identical to that of Williams (1980); but Williams 
was also using cigarettes, not just nicotine, which as will 
be suggested shortly may have included effects in addition 
to the physiological impact of nicotine. 
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The decision to include the LC-shock task was made 
with the idea of increasing the stressfulness of the 
task in order to test further the effect of nicotine on 
responsiveness to stress. In their 1983 paper, Warburton 
and Wesnes stated that nicotine reduced distractability. 
It was thought that the expectation of unpredictable shock 
would function as a distractor. The choice of unpredict­
able, low-level shock was a compromise between replicating 
Silverstein's (1982) work using a pain tolerance task and 
the pure cognitive task. However, as is evidenced by the 
heart rate data of these individuals receiving the placebo 
gum, there appears to be no added stress value contributed 
by the shock (see Table 11). 
Given that Wesnes and Warburton (1983c) define any 
human information processing task as stressful, one could 
argue that in the context of their version of the opponent-
process model the actual level of stress is irrelevant. 
However, the two tasks used most frequently in their 
research, the Stroop color-word task and the visual vigi­
lance task (selecting consecutive odd and even numbers), 
require more in decision making and in physical responding 
than does the LC task. The Stroop color-word task has been 
used as a known stressor when evaluating cardiovascular 
assessments of stress (Konzett, 1975). 
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Lang (1971) speculates that an individual's pattern 
of physiological responding changes as a function of the 
intensity of the stimulus and "with the extent of the 
subjects' 'psychological' response." Selection of the LC 
task was made with the idea of testing the Warburton and 
Wesnes model with a "purer" cognitive task. It may be that 
nicotine alone is not sufficient to improve performance in 
a brief, "pure" cognitive task. This hypothesis might be 
tested by comparing nicotine alone versus cigarettes across 
different task complexities and durations. Task complexity 
may be considered either on the basis of actual cognitive 
processing required or in terms of the "intrinsic" stress-
fulness of the task. If, as Warburton and Wesnes assert, 
the increase in mental efficiency acts to decrease 
anticipatory stress, it would seem appropriate in future 
research to control for the stressfulness of a task. For 
example, some individuals are much more anxious with mental 
arithmetic problems than with verbal stimuli. One of the 
questions raised by the results of this study concerns the 
generalizability of the Warburton and Wesnes model. The 
model may be specific to certain kinds of tasks and/or 
levels of stress. 
There may also be a need to account for the manner in 
which the stress response is measured. While heart rate 
is a very useful and almost universally-used indicator 
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of reactions to stress, it has been suggested by Lacey 
and Lacey (1958) that heart rate may not be the most 
appropriate measure for all subjects. By recording multi­
ple measures of autonomic activity (including heart rate, 
blood pressure, and palmar conductance) during several 
different stressful tasks (e.g., cold pressor and mental 
arithmetic), these authors found that individual physio­
logical response patterns vary considerably, even to the 
same stressor. For example, one individual may have a 
marked increase in heart rate but little change in palmar 
conductance in response to a mental arithmetic task, while 
another individual has the opposite response pattern. 
Lacey and Lacey suggest that multiple measures of autonomic 
activity may be appropriate when one is attempting to 
determine responsiveness to stress. 
A further indicator of the need to consider the rela­
tionship between the task performance and stress response 
comes from the results of correlations between the LC 
scores and heart rate changes. If nicotine increases 
mental efficiency and thereby reduces stress, one would 
expect to find performance negatively correlated with 
responsiveness to stress. This prediction was not sup­
ported by the results. In order to reconcile these results 
with the proposal by Warburton and Wesnes, one must assume 
that a decrease in stress and anecdotal reports of being 
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relaxed are not necessarily reflected in smaller changes in 
heart rate. It would probably be of value to replicate 
precisely one of the studies reporting performance differ­
ences with the inclusion of a measure of heart rate. None 
of the literature related to the Warburton and Wesnes model 
includes a measure of autonomic arousal as the present 
study does. 
One very important area yet to be considered is the 
issue of effective nicotine dosage and differences between 
administering nicotine alone and using cigarettes. The 
series of studies by Wesnes, Warburton, and colleagues 
(Wesnes & Revell, 1984; Wesnes & Warburton, 1983a, 1983b, 
1983c; Wesnes, Warburton, & Matz, 1983) and the letter 
cancellation study by Williams (1980) all specified their 
smoking subjects only in terms of daily rate and duration 
of the smoking habit, without accounting for the amount of 
nicotine the subject regularly inhales. In the present 
study, it was considered desirable to limit subjects to 
those for whom one piece of Nicorette would release an 
amount of nicotine similar to their normal brand of cigar­
ettes. Peeke and Peeke (198 4) have proposed that the 
relationship between nicotine dosage and performance facil-
iation describes an inverted U-shaped function, with lower 
doses resulting in performance facilitation and higher 
doses impairing performance. It is quite unlikely that the 
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lack of difference in performance scores in the present 
study was due to impairment of performance for this reason. 
However, despite controlling for nicotine level within the 
regular brand, factors which regulate how much nicotine the 
subject actually receives (such as puffing rate and depth 
of inhalation) were uncontrolled. Therefore, identical 
doses of nicotine (1 mg) may have been functionally dif­
ferent relative to each participant's usual dosage. 
Of all the studies reviewed, this present research was 
the only one to have used nicotine chewing gum. In studies 
which used cigarettes (e.g., Williams, 1980), it is impos­
sible to distinguish the effects of nicotine from the 
effects of smoking. In addition to known and hypothesized 
effects of nicotine per se, there are numerous conditioned 
responses to the act of smoking (Pomerleau, 1979). These 
conditioned responses may account for some of the increases 
in performance. A smoker who is used to smoking early in 
the morning is likely to be experiencing a considerable 
craving response by the time he is involved in an experi­
ment testing the effects of "the first cigarette of the 
day" (Williams, 1980). The craving itself may be suffi­
ciently distracting to inhibit performance prior to smok­
ing. Additionally the smoker may attribute to the cigar­
ette the ability to "think better," for example, and not 
make that attribution to a piece of gum. 
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It must also be considered that the absorption rates 
of nicotine from a cigarette and from the gum are very 
different. Approximately seven seconds are required for 
the initial dose of nicotine to reach the brain when 
cigarette smoke is inhaled (Russell, Feyerabend, & Cole, 
1976). On the other hand, two minutes are required when 
the gum is chewed and nicotine is absorbed through the 
buccal membrane. Ninety percent of the nicotine from a 
cigarette is absorbed within five minutes. The same level 
of absorption of nicotine from gum requires close to 30 
minutes. Certainly, differences in rate of absorption of 
nicotine may also account for differences between studies 
which use cigarettes compared with one which uses the gum. 
However, nicotine from tablets is also absorbed through 
the buccal membrane and should, therefore, have similar 
absorption rates to the gum. These data were unavailable, 
however. 
Only three studies by Wesnes and Warburton used nico­
tine tablets rather than cigarettes (Wesnes & Revell, 1984; 
Wesnes & Warburton, 1978, cited in Warburton & Wesnes, 
1983; Wesnes, Warburton, & Matz, 1983). The nicotine and 
placebo tablets used a base of dextrose and were flavored 
with Tabasco sauce. The studies were described as double-
blind; and, in the absence of information to the contrary, 
one may assume that subjects could not discriminate between 
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nicotine and placebo tablets. A potential confound of the 
present study is that most subjects did guess accurately 
which gum they received. However, this knowledge of the 
gum would be expected to increase any differences between 
groups, not decrease them, as smokers receiving nicotine 
gum believed they were getting their next "fix." Of 
course, nine of the 16 smokers who received the placebo 
incorrectly thought they had the nicotine gum, so it is 
difficult to tell how knowledge of the gum may have influ­
enced the results, if at all. 
Most studies do not report the time of day when 
experimental sessions were run. However, Williams (1980) 
specifically stated that subjects were run early in the 
morning following a night of deprivation of smoking. 
Silverstein (1982) ran subjects at least three hours after 
awakening to assure that smokers were not in a state of 
deprivation. In the present study, an hour was allowed to 
achieve deprivation based on the information that the aver­
age time between cigarettes for the pack-a-day smoker is 
less than one hour and the plasma half-life of nicotine is 
about half an hour (Isaac & Rand, 1972, cited in Williams, 
1980). Subjects were run at all times of the day, from 
8:00 a.m. until 8:00 p.m. Therefore, smokers may have had 
differing residual amounts of nicotine and had varying 
strengths of State A, according to the opponent-process 
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model. Russell, Feyerabend, and Cole (1976) have shown 
that average plasma nicotine levels do increase as a func­
tion of smoking additional cigarettes. Because each 
experimental assistant consistently tested subjects at a 
particular time of day, according to his/her schedule, the 
analysis for experimenter effects is also an analysis of 
time of day effects. It will be recalled that this analy­
sis found no significant differences among the experimental 
assistants. 
Warburton and Wesnes (1983) agree conceptually with 
Eysenck's (1973) report that smokers tend to be more neu­
rotic and extroverted than nonsmokers. Warburton and 
Wesnes use this phenomenon as a basis for discussing the 
withdrawal symptoms of smoking cessation as a return to 
"normal." Given the joint findings in the present study of 
no significant differences among subgroups on performance 
measures and of no differences between smokers and non-
smokers on the EPQ scales, it may be that the particular 
smoking sample involved in this study was not under the 
influence of nicotine as outlined in the opponent-process 
model. Recall that of the 18 individuals who refused 
participation in the experiment on the basis of use of 
electric shock, 16 of them were smokers. This suggests a 
possible bias in level of "adventuresomeness" which is 
probably related to constructs like extroversion and 
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neuroticism. Beyond this point it would be inappropriate 
to speculate upon the lack of replication given that the 
study was not designed for that purpose. 
To conclude, the results of this study provided little 
support for the predictions made by the Warburton and 
Wesnes model. In only one task condition when looking only 
at the first task administered, there is tentative support 
of the hypothesis that nicotine reduces responsiveness to 
stress. The results certainly did not support the predic­
tion that nicotine increases mental efficiency. Nor were 
hypothesized differences between smokers and nonsmokers 
found. Several issues including differences in plasma 
concentrations of nicotine, autonomic arousal, subjects' 
smoking history, use of nicotine gum as the form of nico­
tine administration, use of electric shock as a distractor 
stimulus, and knowledge of experimental conditions were 
discussed as contributors to the obtained results. It may 
be that nicotine can function to reduce stress in a direct 
fashion, not only as a result of increased cognitive func­
tioning as suggested by Warburton and Wesnes. Further 
research which includes both measures of cognitive perform­
ance and autonomic arousal is necessary to address this 
point. Additional research which isolates each of the 
procedural differences discussed in the chapter would also 
be beneficial for an improved understanding of the validity 
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of the opponent-process model as Warburton and Wesnes have 
applied it to smoking behavior. This study appears to have 
raised more questions than it answered. Yet relevant con­
tributions to science are as often made by questions asked 
as by questions answered. 
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CONSENT FORM 
The research study in which you are about to partici­
pate is being conducted by Anne Murray, Ph.D. candidate, 
under the supervision of P. Scott Lawrence, Ph.D. of the 
Department of Psychology, University of North Carolina at 
Greensboro. The procedures in the study include the use of 
electric shock and nicotine chewing gum which may place you 
at some risk. It is important that you understand these 
procedures before agreeing to participate in the experiment. 
Following completion of several questionnaires, you 
will be asked to do a mental problem-solving task and to 
receive electrical stimulation. Your heart rate will be 
measured throughout the entire experiment as an indicator 
of your stress level. The shock will be applied to your 
non-dominant forearm at random intervals and at random 
intensities. The shocks will vary from barely perceptible 
to painful. You will receive between one and five shocks 
during a three-minute time period. Should you desire it, 
the stimulation will be stopped as soon as you request it. 
The device which supplies the stimulation is well tested 
and will do no damage to your skin. 
Depending on your group assignment, the gum you will 
be asked to chew may contain 2 mg. of nicotine. You will 
not be told which kind of gum you are getting until after 
the experiment is over. When the gum is chewed, it releases 
about the same amount of nicotine as in one cigarette. 
While it is very unlikely that this amount of nicotine will 
cause any problems, nicotine can be a hazard to your health 
under certain circumstances. You should not participate in 
this study if you have any history of high blood pressure or 
heart disease. If you wear dentures or have crowns, you 
should also be aware that any gum is more likely to stick to 
these artificial materials. You should not participate if 
you have any difficulty chewing gum or if your dental work 
is recent. You should also not participate in this study if 
you are concerned that the ingestion of nicotine would 
physically or psychologically affect you in any way. 
If you have any questions about the procedures, please 
do not hesitate to ask them. 
I have read the description of the procedures to which 
I will be subjected as a participant in this research study. 
I freely give my consent to participate. I understand that 
I am free to withdraw at any time during the study without 
prejudice or forfeiture of the agreed upon fee. 
Date Signature 
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DEBRIEFING STATEMENT 
The purpose of this study was to examine a theoreti­
cal model which explains why some people feel addicted to 
cigarettes and experience withdrawal symptoms when they 
quit smoking. You were told that this was a study of 
stress and that I would also be looking at chronic pain 
patients. That statement was made in an attempt to shift 
your focus away from cigarette smoking. It is true, how­
ever, that it was also a study of stress. The theoretical 
model I was testing states, among other things, that nico­
tine increases mental efficiency and improves one's ability 
to cope with stress. 
Both the letter cancellation task and the random shock 
procedure are designed to induce stress. In actuality, the 
shock procedure was not random at all. Everyone received 
just two shocks at a level just above the lowest level 
perceptible to most people. It was actually the threat of 
painful shock, not the shock itself, which was used to 
induce stress. In this way, I could create a level of 
stress necessary for the experiment without actually sub­
jecting you to pain. The stress you experienced was 
measured by changes in your heart rate. You filled out 
three questionnaires on stress and your personality that 
were not really a part of the study. They served as 
fillers to make sure you had no nicotine, caffeine, or 
other stimulant immediately prior to beginning the tasks. 
If you are particularly interested in the results of these 
questionnaires, please ask. I will be glad to discuss them 
with you. 
If you received a green-tinged piece of gum, that was 
simply Clorets breath-freshening gum. If you received the 
plain brown, square gum, you received 2 mg. of nicotine. 
If you chewed the gum too fast, you may have noticed some 
dizziness or throbbing in your head, particularly if you are 
a nonsmoker. Those effects should disappear rapidly. 
Half of the entire group of subjects will be smokers 
and half nonsmokers. Half of each of those two groups will 
receive the nicotine gum. The main hypotheses of the study 
concern various comparisons among the resulting four groups 
on performance on the stressful tasks and on responsiveness 
to stress. It is hypothesized that smokers who have the 
nicotine gum will perform better and show less increase in 
heart rate than smokers without access to nicotine and 
better than both groups of nonsmokers. 
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If you have any questions regarding the study or the 
hypotheses, please ask. Please do not discuss this study 
with anyone who may potentially be a subject. If a subject 
were to come in knowing what you now know about the study, 
it may invalidate the results. I appreciate your 
cooperation. 
Anne Murray 
APPENDIX B 
LETTER CANCELLATION 
STIMULUS MATERIALS 
V R I A N W S O S N E A E T I S  
T I N W E S Y H R P A W I S H G  
D P E T E R V S O U I O M E  I L  
F E  I  L O E A O S N E F R S A E  
W O E H C E O E N W L K H S R V  
S A M U T B C Y I T E R Q I N W  
V R L T E D S G I S E F W S R F  
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R L I H A S Y E S O L B D S G E  
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S F O T N O S V R L T E S O M R  
E  I Y L P R I G N E R L U L I G  
T E A L O D E G L T O B L W I H  
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T N W T O L A E M R N L E R F A  
N E M W E X C D H E F C T C A W  
I C N F E U M B S N G I E O W R  
E S B Y I W L S E J C M T C I A  
L U B T E P I A L T X W R E G S  
W E V I U R P E N M T H A E P O  
N S M O E C S O D R U E O R I U  
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L N E T R E D N H C N R S D  
E F I E L S T D T C O H E Q  
O T O T I P I E O S B A O J  
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D M Y A S A L I T H R L O I  
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N E M W E X C D H E F C T C  
E S B Y I W L S E J C M T C  
W E V I U R P E N M T H A E  
V R I A N W S O S N E A E T  
D P E T E R V S O U I O M E  
W O E H C E O E N W L K H S  
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R F D S G U D L N S O B C L F C  
G E F R I Y L A C S A D O I T H  
M R V D S G P L C A I L T R Q I  
I H E I E T E R I S O R I P O R  
E Y A P R O F R E C N F D R L A  
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F A E F I E L S T D T C O H E Q  
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H G V R O S  I N T R V G N A L O  
A E N E  I M T O I S X T E S A E  
N W O G A R D N W R D F A E  I S  
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U N W C I C P S E R N O C O  
E N E  I M T O I S X T E S A  
P R T E A U S O I O T A T E  
G H S E N A S D Y H S N T A  
N C N E T H M N O E R A I N  
W O T O T I P I E O S B A O  
O H E O E W H E C S N D R U  
L C D G V N B C L S T E  I H  
F D S G U D L N S O B C L F  
R V D S G P L C A I L T R Q  
Y A P R O F R E C N F D R L  
A E F I E L S T D T C O H E  
S D M Y A S A L I T H R L O  
G V R O S  I N T R V G N A L  
W O G A R D N W R D F A E  I  
G S A V O F C O L B R T D N  
D I N D Y H P E I D N O C O  
C L N E T R E D N H C N R S  
A H S E H E B C S K V T S A  
S A E A S E U R N U E F B K  
V S O V R O S E  I L C D C A  
E F R I Y L A C S A D O I T  
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R I N O N F S A R O T V A T  
76 
F E I Y L P R I G N E R L U L I  
E  L T E  I S E  I A G S T O G Y U  
N F E  I L O E A O S N E F R S A  
D N S M O E C S O D R U E O R I  
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I V R I A N W S O S N E A E T I  
A E S B Y I W L S E J C M T C I  
Q R P E N A I E A D S E A O S B  
I A P S D Y O G E S N E T M E A  
O L A U S A I T E C M I T E N L  
S S A M U T B C Y I T E R Q I N  
H T I N W E S Y H R P A W I S H  
E L U B T E  P I A L T X W R E G  
D T N W T O L A E M R N L E R F  
N I A T O I Z S I L O F R A H E  
P S F O T N O S V R L T E S O M  
G V R L T E D S G I S E F W S R  
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R W E V I U R P E N M T H A E P  
U N E M W E X C D H E  F C T C A  
N R N S O C U R A L B N O M N S  
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GENERAL HEALTH QUESTIONNAIRE 
Sex Age Height Weight 
Do you now have any of the following medical conditions? 
High blood pressure Seizures 
_Heart disease Asthma 
_Diabetes Lung disease 
_Pain of more than Cancer 
2 months 
Have you ever been treated for any of the above conditions? 
If so, what? 
How would you describe your health, in general? 
Excellent Good Fair Poor 
Are you currently taking any prescribed medications?_ 
If so, what? ~ 
Do you smoke cigarettes? How much?_ 
For how long? What brand? 
Do you use any other tobacco products?_ 
What kind? For how long?_ 
How much alcohol do you typically use? 
How much coffee or other caffeine-containing products do 
you typically use? 
How much stress do you consider yourself to be under 
typically? 
Extreme Considerable Some 
Not much Hardly any 
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COPING RESPONSE SCALE 
In the space below, briefly describe a recent personal 
crisis or stressful event that you have experienced. Then use 
this event to answer the questions below on how you dealt with 
the situation. 
Mark the items below "Yes" or "No" depending on whether you 
used that method to cope with the particular situation you 
described above. 
1. Tried to see positive side Yes N o  
2 .  Tried to step back from the situation 
and be more objective Yes N o  
3 .  Prayed for guidance or strength Yes N o  
4 .  Took things one step at a time Yes N o  
5 .  Considered several alternatives for 
handling the problem Yes N o  
6 .  Drew on my past experiences, I was 
in a similar situation before Yes N o  
7 .  Tried to find out more about the situation Yes N o  
8 .  Talked with professional person (e.g., doctor, 
clergy, lawyer) about the situation Yes N o  
9 .  Took some positive action Yes N o  
10. Talked with spouse or other relative about 
the problem Yes N o  
11. Talked with friend about the situation Yes N o  
12. Exercised more Yes N o  
13. Prepared for the worst Yes N o  
14. Sometimes took it out on other people 
when I felt angry or depressed Yes N o  
15. Tried to reduce the tension by eating more Yes N o  
16. Tried to reduce the tension by smoking more Yes N o  
17. Kept my feelings to myself Yes N o  
18. Got busy with other things in order to 
keep my mind off the problem Yes N o  
19. Didn't worry about it; figured everything 
would probably work out fine Yes N o  
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THE SOCIAL READJUSTMENT RATING SCALE 
The following is a list of life events, both positive and 
negative, which require changes in ongoing life adjustment. In 
the blank to the right of each item, write the number of times 
you have experienced this particular event in the past year. Do 
not go further back in time than one year. Then multiply the 
number of times the event was experienced by the weighted value 
to obtain the score. 
Occurrences 
in Past Year Weight Total 
1. Death of spouse 100 
2. Divorce 73 
3. Marital separation 65 
4. Jail term 63 
5. Death of close family member 63 
6. Personal injury or illness 53 
7. Marriage 50 
8. Fired from work 47 
9. Marital reconciliation 45 
10. Retirement 45 
11. Change in health of family member 44 
12. Pregnancy 40 
13. Sex difficulties 39 
14. Gain of new family member 39 
15. Business readjustment 39 
16. Change in financial state 38 
17. Death of close friend 37 
18. Change to different line of work 36 
19. Change in number of arguments 
with spouse 35 
20. Mortgage over $10,000 31 
21. Foreclosure of mortgage or loan 30 
22. Change in responsibilities 
at work 29 
23. Son or daughter leaving home 29 
24. Trouble with in-laws 29 
25. Outstanding personal achievement 28 
26. Spouse begin or stop work 26 
27. Begin or end school 26 
28. Change in living conditions 25 
29. Revision of personal habits 24 
30. Trouble with boss 23 
31. Change in work hours or 
conditions 20 
32. Change in residence 20 
33. Change in schools 20 
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34. Change in recreation 
35. Change in church activities 
36. Change in social activities 
37. Mortgage or loan less than 
$10r000 
38. Change in sleeping habits 
39. Change in number of family 
get-togethers 
40. Change in eating habits 
41. Vacation 
42. Christmas 
43. Minor violations of the law 
19 
19 
18 
17 
16 
15 
15 
13 
12 
11 
GRAND TOTAL = 
82 
The Eysenck Personality Questionnaire (1975) was 
unavailable for reproduction due to its copyright. 
FINAL QUESTIONNAIRE 
Briefly, what predictions do you think this experiment 
was looking at? What is the experimenter trying to 
learn? 
Which gum do you think you had - with or without 
nicotine? 
How sure are you of that answer? 
Not at Absolutely 
All Sure Positive 
Did you experience any discomfort (beyond the shock 
itself) during this experiment? If so, describe. 
Do you chew gum regularly? What kind do you 
usually use when you do chew gum? 
If you did not think you had the nicotine gum, what 
kind do you think it was? 
APPENDIX D 
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BRIEF RELAXATION 
I am now going to read you some instructions to help 
you relax. Sit quietly and listen. 
Focus in on the feelings in your right hand and let go 
of whatever tensions might be there. Relax all of those 
muscles to the best of your ability. Relax the muscles of 
your right forearm, just let go of any tension. Let go of 
those muscles more and more, deeper and deeper. Relax. Now 
relax the muscles of your upper right arm, just relax those 
muscles as best you're able. Continuing to let go further 
and further your entire right arm, forearm, and hand right 
down to the fingertips, just relax and let go. While you 
continue to let go of your right arm and hand, turn your 
attention to your left hand, and relax your left hand to the 
best of your ability. Let go further and further. Let go 
of the muscles in your left forearm. Further and further 
relaxed. Feel the relaxation coming now into your upper 
left arm, those muscles also beginning to relax further and 
further, more and more. Just relaxing further and further, 
more and more relaxed. Relax now both your left and right 
shoulders, and feel the soft heaviness, the calm relaxation 
coming more and more into both your left and right arms, 
hands, fingertips. Let go of those muscles further and 
further. Now turn your attention to the muscles in your 
face. Smooth out your forehead, relax those muscles. As 
you think of relaxing those muscles, you'll gradually become 
more and more able to feel the relaxation coming into them. 
Your eyes lightly and comfortably closed. Relaxation 
spreading warmly to your cheeks, these muscles looser and 
looser. Your jaws loosely relaxed, more and more, further 
and further. Feel the relaxation moving calmly into your 
neck, and down into your chest, as you relax further and 
further. As you think of letting go, you somehow are able 
to let go further, more and more than before. You're 
breathing slowly and regularly, letting go a little bit more 
each time you exhale. Relaxation coming down into your 
stomach now, more and more relaxed, letting go further and 
further. Relax, just relax. Feel the relaxation in your 
hips and buttocks, as you are resting heavily and comforta­
bly. Further and further relaxed. Relaxation spreading out 
into your thighs, more and more relaxed. Deeper and deeper. 
Continuing to let go further and further, more and more. 
Relaxation spreading now to the calves of both of your left 
and right legs, further and further relaxed. Relaxation 
down now into your feet, further and further relaxed. Just 
continue to relax, more and more. 
Now I want you to remain sitting quietly while I moni­
tor your heart rate again. 
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Table 1 
Number of Subjects and Mean Age within 
the Independent Groups 
Group N Mean Age Median Age 
Smoker-Nicorette 16 33.1 29.5 
Smoker-Clorets 16 32.4 28.5 
Nonsmoker-Nicorette 18 36.5 31.5 
Nonsmoker-Clorets 17 36.2 35.0 
Total Sample 67 34.6 31.5 
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Table 2 
Comparison of Subject Groups Receiving Two 
Different Orders of Task on Demographic 
and Dependent Variables 
Subjects Receiving Subjects Receiving Results 
LC Alone/LC-Shock LC-Shock/LC Alone of 
Variable N = 35 N = 32 t-test 
Age X = 37.7 
Range: 19-75 
Score 
(average 
of both 
tasks) 
109.7 
51-169 
31.3 
19-62 
t = 1.95 
n.s. 
113.3 
72-157 
t = 0.65 
n.s. 
Baseline 
Heart Rate 
81.7 
51-106 
76.6 
52-106 
t = 1.61 
n.s. 
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Table 3 
Means, Standard Deviations, and Ranges o£ Letter 
Cancellation Scores for Both Experimental Tasks 
Task 
Order3 Smoking Status Drug Status LC Alone LC-Shock 
Smoker Nicotine X = 98.13 107.50 
(N = 8) S.D. = 19.77 12.95 
Nonsmoker 
Placebo 
(N = 8) 
Nicotine 
(N = 10) 
103.00 
25.86 
114.25 
23.34 
111.20 121.30 
17.15 22.47 
Placebo 
(N = 9) 
106.67 
12.71 
112.33 
14.48 
Smoker Nicotine 
(N = 8) 
115.38 
29.03 
111.38 
2 6 . 8 6  
Placebo 
(N = 8) 
114.63 
10.95 
109.25 
11.98 
Nonsmoker Nicotine 
(N = 8) 
122.63 
17.11 
121.88  
11.94 
Placebo 
(N = 8) 
109.75 
7.31 
101.63 
12.46 
al = Receiving LC alone first, followed by LC-shock. 
2 = Receiving LC-shock first, followed by LC alone. 
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Table 4 
Summary Table of Four-Way Analysis of 
Variance on Performance Scores 
Source DF SS F 
Smoking 1 536.62 0.75 N.S. 
Drug 598.34 0.84 N.S. 
Order 1 746.86 1.05 N.S. 
Smoking x Drug 1 1594.72 2.24 N.S. 
Order x Smoking 1 284.15 0.40 N.S. 
Order x Drug 1 606.50 0.85 N.S. 
Order x Smoking x Drug 1 13.66 0.02 N.S. 
Subject 
x Drug 
(Smoking 
x Order) 
59 712.29b 
Task 1 171.22 2.12 N.S. 
Smoking x Task 1 9.88 0.12 N.S. 
Drug x Task 1 66.53 0.83 N.S. 
Order x Task 1 1553.26 19.27 (p<.001) 
Smoking x Drug x Task 1 78.81 0.98 N.S. 
Order x Smoking x Task 1 14.94 0.19 N.S. 
Order x Drug x Task 1 19.94 0.25 N.S. 
Order x 
x Task 
Smoking x Drug 1 0.05 0.00 N.S. 
Error 59 80.61b 
aMean square for subject used as error term for preceding 
three factors and interactions. 
^Values shown for error terms are mean squares. 
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Table 5 
Mean Performance Score for the Interaction 
of Order and Task in Four-Way ANOVA 
Order3 Task Mean Score'3 
LC Alone 104.75A 
LC-Shock 113.85B,C 
LC Alone 115.60B 
LC-Shock 111.04C 
al = Receiving LC alone first, followed by LC-shock. 
2 = Receiving LC-shock first, followed by LC alone. 
u 
Results of post hoc comparisons among means (Newman-Keuls 
test) are indicated by superscript. Means with the same 
letter are not significantly different from one another. 
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Table 6 
Summary Table of Three-Way Analysis of 
Variance on Performance Scores 
Source DF SS F 
Smoking 1 400.38 1.00 N.S. 
Drug 1 505.11 1.26 N.S. 
Task 1 657.24 1.63 N.S. 
Smoking x Drug 1 788.76 1.96 N.S. 
Smoking x Task 1 200.06 0.50 N.S. 
Drug x Task 1 536.92 1.34 N.S. 
Smoking x Drug x Task 1 79.05 0.20 N.S. 
Error 59 402.lla 
aValue shown for error term is mean square. 
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Table 7 
Mean Changes in Heart Rate and Standard Deviations 
for All Between Subject Groups and the Two 
Experimental Tasks 
Task 
Order3 Smoking Status Drug Status LC Alone LC-Shock 
Smoker Nicotine X = 2.13u 4.13 
(N = 8) S.D. = 7.36 5.19 
Placebo 5.75 6.75 
(N = 8) 8.00 10.47 
Nonsmoker Nicotine 
(N = 10) 
1.50 
6.33 
2.80 
7.39 
Placebo 
(N = 9) 
6.89 
8.10 
7.89 
6 . 1 1  
Smoker Nicotine 
(N = 8) 
2.38 
6.12 
11.38 
9.29 
Nonsmoker 
Placebo 
(N = 8) 
Nicotine 
(N = 8) 
2.13 
6.49 
5.63 
4.72 
6.50 
4.31 
9.75 
8.14 
Placebo 
(N = 8) 
1.88 
5.00 
6.00 
7.15 
al = Receiving LC alone first, followed by LC-shock. 
2 = Receiving LC-shock first, followed by LC alone. 
^Figure for heart rate change is the number of beats 
per minute heart rate increased during the task over 
the rest period preceding the task. 
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Table 8 
Confidence Intervals for Heart Rate Change 
Scores For Four Subgroups of Subjects 
Order3 Task X HR 95% CI 
1 LC Alone 3.77 1.27 3.77 + 2.49 
LC-Shock 5.31 1.26 5.31 + 2.47 
2 LC Alone 3.00 0.98 3.00 + 1.92 
LC-Shock 8.41 1.31 8.41 + 2.57 
al = LC alone administered first, followed by LC-shock. 
2 = LC-shock administered first, followed by LC alone. 
bS- = Standard error of the mean. 
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Table 9 
Summary Table of Four-Way Analysis of 
Variance on Change in Heart Rate 
Source DF SS F 
Smoking 0.75 0.01 N.S. 
Drug 1 8.76 0.13 N.S. 
Order 1 31.63 0.47 N.S. 
Smoking x Drug 1 1.79 0.03 N.S. 
Order x Smoking 1 0.16 0.002 M.S. 
Order x Drug 1 448.22 6.66 (p<.02) 
Order x Smoking x Drug 1 22.68 0.34 N.S. 
Subject 
x Drug 
(Smoking 
x Order) 
59 67.33b 
Task 1 377.14 11.54 (p<.001) 
Smoking x Task 1 17.65 0.54 N.S. 
Drug x Task 1 18.26 0.56 N.S. 
Order x Task 1 138.64 4.24 (p<.05) 
Smoking x Drug x Task 1 14.75 0.45 N.S. 
Order x Smoking x Task 1 10.19 0.31 N.S. 
Order x Drug x Task 1 5.75 0.18 N.S. 
Order x 
x Task 
Smoking x Drug 1 8.01 0.25 N.S. 
Error 59 32.69b 
aMean square for subject used as error term for preceding 
three factors and interactions. 
^Values shown for error terms are mean squares. 
96 
Table 10 
Sununary Table of Three-Way Analysis of 
Variance on Change in Heart Rate 
Source DF SS F 
Smoking 1 2.70 0.05 N.S. 
Drug 1 0.16 0.00 N.S. 
Task 1 313.60 5.66 (p<.05) 
Smoking x Drug 1 8.68 0.16 N.S. 
Smoking x Task 1 7.25 0.13 N.S. 
Drug x Task 1 323.72 5.85 (p<.05) 
Smoking x Drug x Task 1 0.42 0.01 N.S. 
Error 59 55.38a 
aValue shown for error term is mean square. 
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Table 11 
Mean Change in Heart Rate for the Interaction 
of Task and Drug Status in Three-Way ANOVA 
Task Drug Status Mean HR Change3 
LC Alone Nicotine . CO >
 
Placebo 6.35® 
LC-Shock Nicotine 10 .57C 
Placebo 6.25® 
aResults of post hoc comparisons among means (Newman-Keuls 
test) are indicated by superscript. Means with the same 
letter are not significantly different from one another. 
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Table 12 
Mean Change in Heart Rate for the Interaction 
of Order and Task in Four-Way ANOVA 
Order3 Task Mean HR Change*3 
1 LC Alone 4.00A 
LC-Shock 5.32A 
2 LC Alone 3.01A 
LC-Shock 8.41® 
al = Receiving LC alone first, followed by LC-shock. 
2 = Receiving LC-shock first, followed by LC alone. 
Results of post hoc comparisons among means (Newman-Keuls 
test) are indicated by superscript. Means with the same 
letter are not significantly different from one another. 
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Table 13 
Mean Change in Heart Rate for the Interaction 
of Order and Drug Status in Four-Way ANOVA 
Order3 Drug Status Mean HR Change*5 
1 Nicotine 2.59A 
Placebo 6.85B 
2 Nicotine 7.29B 
Placebo 4.13A 
al = Receiving LC alone first, followed by LC-shock. 
2 = Receiving LC-shock first, followed by LC alone. 
Results of post hoc comparisons among means (Newman-Keuls 
test) are indicated by superscript. Means with the same 
letter are not significantly different from one another. 
100 
Table 14 
Mean Scores (and Standard Deviations) on the Scales of 
the Eysenck Personality Questionnaire for Two Smoking 
Status Groups and for the Male Normative Group 
Group 
EPQ Scales3 
P E N L 
Smokers 4.82 13.18 10.37 6.82 
(N = 32) 1.47 4.59 5.83 3.05 
Nonsmokers 3.41 14.30 8.84 7.21 
(N = 35) 2.08 4.67 6.11 4.48 
Normative Group*5 3.78 13.19 9.83 6.80 
(N = 2312) (3.09) (4.91) (5.18) (4.14) 
aP = Psychoticism, potential range of scores is 0 - 25. 
E = Extroversion, potential range is 0 - 21. 
N = Neuroticism, potential range is 0 - 23. 
L = Lie, potential range is 0 - 21. 
^Data for normative group is from the test manual 
(Eysenck & Eysenck, 1975). 
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a) Performance scores on the two tasks 
as a function of order. 
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b) Heart rate difference scores between 
each task and its preceding resting 
state as a function of order. 
Figure 1. Interaction of order and task on the two 
dependent variables. 
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Figure 2. Change in heart rate as a function of 
order, task, smoking status, and drug status. 
